DEPTH MEASURING APPARATUS 



RELATEP APPLICATIONS 
[0001] This application claims priority to the Japanese Patent Application 2003-74167 
dated on March 1 8, 2003 and is hereby incorporated with reference for all purposes. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0002] The present invention relates generally to a depth measuring apparatus, and, more 
particularly, to a non-destructive measuring mechanism for the depth direction of the interior 
of a sample. 
PRIOR ART 

[0003] . In the field of manufacturing multi-layered bodies for example, the thicknesses of 
impurity layers, etc., inside the multi-layered bodies have hitherto been tested as part of 
product quality control. 

[0004] Conventionally, destructive testing is commonly used in testing the thickness of a 
specific layer inside this type of multi-layered body. In the prior art, a sample is taken from 
among products, a cross-section is cut therefrom, and the thickness of the specific layer is 
measured. Also, conventionally, whether the thickness of the specific layer has attained a 
predetermined thickness is determined based on the test result of the sample. 
[0005] However, in the conventional destructive testing described above, the product is 
destroyed for each testing. As a result, there is room for improvement in terms of reducing 
the costs incurred in testing. Also, in the above described prior art destructive testing, the 
individual products are not actually tested, but rather a sampling method is employed. That 
is, in the prior art, based on the test results of specific samples taken from among a large 
number of products, the acceptability of the rest of the products is estimated. There is 
therefore room for improvement in terms of the reliability of testing. 

[0006] In order to respond to these requirements, development of a technique that can 
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non-destructively test each individual product is strongly desired. However, there is no 
suitable technique that can solye this requirement in the prior art. 

SUMMARY OF THE INVENTION 
[0007] The present invention was conceived in light of the above problems of the prior 
art, and has as its object to provide a depth measuring apparatus that can non-destructively 
obtain depth distance information of the interior of a sample. 

[0008] The result of the intensive investigation carried out by the inventors of the present 
application into non-destructively measuring the depth of the interior of a sainple was 
confirmation that many of the impurity layers in the samples had a fluorescence that was 
rarely seen in high purity layers. Thus, the inventors of the present application, by utilizing 
the intrinsic fluorescence of the test subjects (impurity layers and the like), found that they 
could non-destructively obtain depth distance information for test subjects in the interior of 
samples, and arrived at the completion of the present invention. 

[0009] In order to achieve the above object, the depth measuring apparatus of the present 
invention is directed to a depth measuring apparatus for, with regard to a sample that includes 
a test subject having fluorescence within the sample and that has transmittance along at least a 
depth that is a measurement range, obtaining depth distance information of the test subject 
within the sample, with a position of a surface of the sample as a reference. The depth 
measuring apparatus comprises a light emitter, an objective lens, a mover, an image forming 
lens, a confocal aperture, a surface scattered light information acquirer, a fluorescence 
information acquirer and a distance information acquirer. The depth measuring apparatus is 
characterized in that depth distance information of the test subject within the sample is 
acquired based on the relative distance information obtained by the distance information 
acquirer, with a position on a surface toward the objective lens of the sample as a reference. 
[0010] The light emitter includes a point light source and converts light from the point 
light source to a parallel light beam having an excitation wavelength causing only the test 
subject within the sample to emit fluorescence. 
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[0011] The objective lens is placed freely movable in a light axis direction of the 
objective lens. The object lens condenses a parallel light beam from the light emitter onto a 
measurement spot of the sample. The objective lens converts light from the measurement 
spot of the sample into a parallel light beam. 

[0012] The mover moves the objective lens in the light axis direction thereof. 
[0013] The image forming lens forms an image of light from the measurement spot of the 
sample obtained via the objective lens. ' • . ■ 

[0014] The confocal aperture is placed at a position optically conjugate to the point light 
source and a focal point position of the objective lens via the objective lens and the image 
forming lens, which is an image formation position of the image forming lens. The confocal 
aperture substantially passes only light from the focal point position of the objective lens. 
[0015] The surface scattered light information acquirer detects an amount of light passing 
through the confocal aperture and having a wavelength equivalent to the excitation 
wavelength, while the focal point position of the objective lens is being moved by the tnover. 
[0016] The fluorescence information acquirer detects an amount of light passing through 
the confocal aperture and having a wavelength equivalent to the fluorescence wavelength, 
while the focal point position of the objective lens is being moved by the mover. 
[0017]' The distance information acquirer obtains at least relative distance information in 
the light axis direction between a position of the objective lens where a light amount detection 
value of surface scattered light by the surface scattered light information acquirer is maximum 
and a position of the objective lens where a light amount detection value of fluorescence by 
the fluorescence information acquirer is maximum. 

[0018] As used herein, the test subject refers to one forming a layer generally in the 
direction substantially perpendicular to the depth direction of the sample. Also, if it has 
fluorescence that can distinguish other regions in the sample in at least part of the direction 
substantially perpendicular to the depth direction, those existing features may include 
arbitrary ones. 

[0019] Also in the present invention, it is preferable that only the test subject within the 
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sample has fluorescence. However, in the present invention, even if portions of the sample 
other than the test subject have some fluorescence, if the amount (and/or the wavelength) of 
that fluorescence is such that it can be distinguished from the fluorescence of the test subject 
within the sample, those portions within the sample may also be included. 
[0020] As used herein, obtaining relative distance information means obtaining at least 
distance information from the objective lens side surface of the sample to the objective lens 
side border of the test subject within the sample. This also includes, by being able to further 
match a light amount detection value, of the fluorescence with a position information of the 
objective lens, obtaining distribution information (test Subject thickness information within 
the sample and the like) in the depth direction of the subject within the sariiple. 
[0021] As used herein, the confocal aperture means not only simply an aperture, but also 
apertures in which an opening that passes only light from the focal point of the objective lens 
is provided in a screen portion that cuts light' from locations other than the focal point of the 
objective lens. Also, although the shape of the aperture is not particularly limited to a 
pinhole, slit, or the like, a pinhole is particularly preferable in terms of obtaining information 
from more minute measurement regions of the sample. 

[0022] In the present invention, the above objective lens and image forming lens ar.e 
preferably lenses without any chromatic aberrations. 

[0023] As used herein, without chromatic aberrations means no image dislocation in light 
of excitation wavelengths and light of fluorescence wavelengths. In the present invention, a 
Cassegrain lens system, which is a lens system with mirror attached, can be used as a lens 
without chromatic aberrations, for example. 

[0024] As used herein, lenses include normal lenses and optical systems having the same 
functions' as lenses. As a result, the Cassegrain lens system without chromatic aberrations 
includes a Cassegrain reflector optical system. 

[0025] In the present invention, the light emitter comprises an excitation wavelength 
selector, a collimator lens. A portion between the collimator lens and the objective lens is 
preferably a parallel light beam portion. 
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[0026] The excitation wavelength selector passes only light having a wavelength 
equivalent to the excitation wavelength causing only the test subject within the sample to emit 
fluorescence among the light from the point light source. 

[0027] The collimator lens converts light from the point light source to a parallel light 
beam. 

[0028] In the present invention, the portion between the objective lens and the image 
forming lens is a parallel light beam portion. A half minx* is provided in the parallel light 
beam portion between the collimator lens and the objective lens. / A parallel light beam froin 
the collimator lens is incident on the objective lens via the half mirror. Preferably, light from . 
the measurement spot of the sample obtained by the objective lens is incident on the image 
forming lens via the half mirror. 

[0029] In the present invention, a dichroic mirror can be used as a half mirror for 
example. * 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] FIG. 1 is a schematic diagram of the overall structure of a depth measuring 
apparatus according to an embodiment of the present invention; 

[0031]' FIG. 2 is a diagram illustrating the relationship between a focal point position of 
an objective lens and the superficial scattered light detection value obtained by a light detector 
of the present embodiment; 

[0032] FIG. 3 is a diagram illustrating the relationship between a focal point position of 
an objective lens and the fluorescence detection value obtained by a light detector of the 
present embodiment; and 

[0033] FIG 4 is a diagram illustrating the relationship between the focal point position of 
an objective lens and the superficial scattered light detection value and the fluorescence 
detection value obtained by a light detector, obtained by a variant of the present embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 



NB0700:sPC.doc 



-5- 



[0034] A preferred embodiment of the present invention will now be described with 
reference to the drawings. ^ 

[0035] FIG. 1 shows the schematic structure of a depth measuring apparatus according to 
an embodiment of the present invention. 

[0036] The light emission point depth, measuring machine (depth measuring apparatus) 
10 shown in the drawing comprises a light emitter 12, an objective' lens 14, a mover 16, image 
forming lenses 18a and 18b, confocal pinholes (confocal apertureis) 20a and 20b, a surface 
scattered light information acquirer 22, a fluorescence information acquirer 24, a position 
sensor (distance information acquirer) 26, a computer 27.' 

[0037] , The point light source 28 of the light emitter 12, the focal point position 30 of the 
objective lens 14, and the confocal pinholes 20,a and 20b are arranged in an optically 
conjugate relationship via the objective lens 14 and the ima^e forming lenses 1 8a and 1 8b. 
[003&] The computer 27 obtains depth information d from a resin layer (the test subject) 
34 inside laminated glass 32 (sample), with the position of the surface (objective lens side 
surface) 32a of the laminated glass 32 as a reference, based on relative distance information 
acquired by distance information acquirer (the position sensor 26 and the like). 
[0039] In the present embodiment, the 'light emitter 12 comprises, for example, the point 
light source 28, a band pass filter (excitation wavelength selector) 36, and a collimator lens 38. 
Light 40 from the point light source 28 becomes light 42 having an excitation wavelength that 
causes only the resin layer 34 of the laminated glass 32 to emit fluorescence by means of the 
band pass filter 36. The light 42 passing through the band pass filter 36 becomes a parallel 
light beam 44 by means of the collimator lens 38. 

[0040] The objective lens 14 is provided so as to be freely movable in the axial direction 
of the light beam (the direction of the arrow X in the drawing). The objective lens 14 
condenses the parallel light beam 44 from the light emitter 12 onto a measurement spot 
(corresponding to the focal point position 30 of the objective lens 14 in the drawing) on the 
laminated glass 32. Also, the objective lens 14 makes the light 46 from the measurement 
spot of the laminated glass 32 a parallel light beam. 
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[0041] The mover 16 is connected to a controller 48. The controller 48 is connected to 
the computer 21. The objective lens 14 is moved in the axial direction of the light beam 
(indicated in the drawing by the arrow X) by the controller 48 controlling the movement of 
the mover 16. The mover 16 thereby moves the focal point position 30 of the objective lens 
1 4 in the direction of the arrow X in the drawing. 

[0042] The image forming lens 18a for detecting surface scattered light and the image 
forming lens 18b for detecting fluorescence project the light 46 from the measurement spot of 
the laminated glass 32 obtained via the objective lens 14. 

[0043] The confocal pinhole 20a for detecting surface scattered light and the confocal 
pinhole 20b for detecting fluorescence are the respective image formation positions of the 
image forming lenses 18a and 18b, and are provided in optically conjugate positions to the 
point light source 28 and the focal point position 30 of the objective lens 14 via the objective 
lens 14 and the image forming lenses 18a and 18b. The confocal pinholes 20a and 20b only 
pass the light from the focal point position 30 of the objective lens 14. 

[0044] The surface scattered light information acquirer 22 comprises for example a band 
pass filter 52a that passes only light that has a wavelength equivalent to an excitation 
wavelength of the resin layer 34, and a light detector (photo-multiplier or the like) 54a. 
While the mover 16 is moving the objective lens 14 in the direction of the arrow X in the 
drawing, the amount of the light 53 having a wavelength equal to an excitation wavelength 
that passes through the confocal pinhole 20a and also passes through the band pass filter 52a 
is detected by the light detector 54a. 

[0045] The fluorescence information acquirer 24 comprises for example a band pass filter 
52b that passes only light that has a wavelength equivalent to a fluorescence wavelength of 
the resin layer 34, and a light detector (photo-multiplier or the like) 54b. While the mover 
16 is moving the objective lens 14 in the direction of the arrow X in the drawing, the amount 
of the light 55 having a wavelength equal to a fluorescence wavelength that passes through 
the confocal pinhole 20b and further passes through the band pass filter 52b is detected by the 
light detector 54b. 
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[0046] The position sensor 26 is connected to the computer 27. The computer 27 
comprises a memory 54 and CPU 56. 

♦ 

[0047] Sets of received light amount .data from the light detector 54a and position data (in 
the direction of the arrow X in the drawing) of the objective lens 14 from the position sensor 
26 corresponding to each set of data, obtained while the mover 16 is moving the objective 
lens 14 in the direction of the arrow X in the drawing* are stored in the memory 54 via the 
CPU 56 of the computer 27. At the same time, sets of received light amount data from the 
light detector 54b, and position data of the objective lens 14 in tl^e direction of the arrow X 'in 
the drawing, obtained from the position sensor 26 and corresponding to each set of data, are 
stored in the memory 54 via the CPU 56 of the computer 27. 

[0048] The CPU 56 comprises a reference point detector 58, a light emission point 
detector 60>, and a depth calculator 62. 

[0049], The reference point detector 58 detects, from among the data stored in the 
memory 54, position data of the objective lens 14 in which the light amount detection' value of 
surface scattered light from the light detector 54a is maximum. 

[0050] The light emission point detector 60 detects, from among the data stored in the 
memory 54, position data of the objective lens 14 in which the light amount detection value of 
fluorescence from the light detector 54b is maximum. 

[0051] The depth calculator 62, based on the position data of the objective lens 14 
detected by the reference point detector 58 and the position data of the objective lens 14 
detected by the light emission point detector 60, obtains movement distance information of 
the objective lens 14 from a reference point to a light emission point. The depth calculator 
62, based on the obtained movement distance information of the objective lens 14, attains a 
depth distance d from the laminated glass surface 32a to the resin layer 34 inside the 
laminated glass 32. 

[0052] In the present embodiment, the point light source 28 comprises a light source 64, a 
condenser lens 66, and a pinhole 68. 

[0053] Also in the present embodiment, between the collimator lens 38 and the objective 
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lens 14 where the light from the point light source 28 becomes, the straight beam 44 is a 
parallel light beam portion* Between the objective lens 14 and the image forming lenses 18a 
and 18b is a parallel light beam portion. In the parallel light beam portion between the 
collimator lens 38 and the objective lens 14 a first half mirror 70 is provided. The parallel 
light beam 44 from the collimator lens 38 is incident on the objective lens 14 via the first half 
mirror 70. Light 46 from the measurement spot of the laminated glass 32 obtained from the 
objective 14 is incident of the image forming lenses 18a and 18b via the half mirrors 70 and 
72. In the present invention, for example, a dichroic mirror can be used as the half mirror 70 
and 72 respectively. 
[0054] , Operations 

[0055] The light emission point depth measuring machine 10 according to the present 
embodiment is constructed basically as described above, and the operations thereof will be 
described hereinbelow. 

[0056] The feature of the present invention is that, in order to measure the depth of a 
specific layer in a multi-layered body, instead of the destructive measurement of the prior art, 
it non-destructively obtains depth distance information from the surface 32a to a resin layer of 
laminated glass 34 by utilizing the intrinsic fluorescence of the resin layer 34 inside the 
laminated glass 32. 

[0057] <Light Emission Point Deteciion> 

[0058] For this reason, in the present embodiment, in order to detect the position in the 
depth direction of the resin layer 34 within the laminated glass 32, a light emission point is 
detected by a confocal optical system. In the present embodiment, in order to detect the light 
emission point, a received light detection value from the light detector 54b for detecting 
fluorescence is monitored by the computer 27 while the measurement spot is being moved in 
the depth direction with the laminated glass 32 by the controller 48. 

[0059] That is, when the focal point position of the objective lens 14 reaches the resin 
layer 34 within the laminated glass 32, the light amount of light 55 received by the light 
detector 54 for detecting fluorescence is highest. 
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[0060] For this reason, in the present embodiment, while the focal point position 30 of the 
objective lens 14 is being moved by the mover 16 and the like, the position of the objective 
lens 14 at which the light amount detection value of light 55 passing through the confocal 
pinhole 20b and having a luminescent wavelength is greatest is detected by the fluorescence 
information acquirer 24 and the like,, whereby the position in the depth direction of the resin 
layer 34 within the laminated glass 32 can be detected. 

[0061] <Reference Point Detection> ' . 

[0062] Here, in order to accurately, and in the same way eveiy time, measure the position 
in the depth direction of the resin layer 34, it is necessary to set a reference point for 
measuring the depth. 

[0063] For this reason, in the present embodiment, as well as the light emission point, the 
position on the laminated glass surface 32a that is the reference point is detected by the 
confocal optical system. Also in the present embodiment, in order to detect the position of 
the sample laminated glass surface 32a, a received light detection value from the light 
detelctor 54a for detecting surface scattered light is monitored by the computer 27 while the 
measurement spot is being moved in the plus (rightward) direction of the arrow X in the 
drawing as described above. 

[0064] Namely, in the present embodiment, as the focal point position 30 of the objective 
lens 14 reaches the laminated glass surface 32a, the amount of the light 53 received by the 
light detector 54a for detecting surface scattered light is greatest. 

[0065] To this purpose, the surface scattered light information acquirer 22 and the like, 
while the objective lens 14 is being moved in the direction of the arrow X in the drawing by 
the mover 16 and the like, detects the position of the objective lens 14 at which the light 
amount detection value of light passing through the confocal pinhole 20a and having an 
excitation wavelength is greatest. The position of the surface 32a of the laminated glass 32 
can thereby be detected in the present embodiment. 
[0066] <Depth Distance Acquisition> 

[0067] In the present embodiment, the position of the objective lens 14 at the reference 
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point and the position of objective lens 14 at the light emission, point are detected. As a 
result, in the present embodiment, based on the relative movement distance in the direction of 
the arrow X in the' drawing of the objective lens 14, the depth distance d from the laminated 
glass surface 32a to the resin layer 34 within the laminated glass 32 can be obtained. 
[0068] In this way, in the present embodiment the depth distance d of the resin layer 34 
inside the laminated glass 32 from the laminated glass surface 32a is measured by monitoring 
the amount of light of both surface scattered light and fluorescence from the laminated glass 
32 using the confocal optical system. . 

[0069] As a result, in the present embodiment, the depth distance d of the resin layer 34 
inside thje laminated glass 32 can be accurately measured every time with the position of the 
reference point as a reference. Accordingly, hx the present embodiment, compared to 
inventions that are not provided with a device for measuring both a reference point and a light 
emission point, a more accurate depth distance can be acquired. 

[0070] Consequently, according to the light emission point depth measuring machine 10 
of the present embodiment, the depth distance d of the resin layer 34 within the laminated 
glass 32 can be measured non-destructively. The present embodiment can thereby greatly 
reduce the cost of testing compared to conventional destructive testing techniques. 
[0071] Further, in the present embodiment, by performing the above described 

non-destructive measurement, can easily perform measurement even where there are a large 
number of samples. The reliability of testing can thereby be greatly improved in the present 
embodiment compared to conventional destructive testing techniques. 

[0072] Hereunder, the operation of the present embodiment will be described in more 
detail. 

[0073] ; Confocal Optical System 

[0074] In the present embodiment, light from the light source 64 is focused on the 
pinhole 68 by the condenser lens 66. Among the light that passes through the pinhole 68, 
only light 42 that has an excitation wavelength and causes only the resin layer 34 to emit 
fluorescence is extracted by the band pass filter 36. The light 42 that passes through the 
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band pass filter 36 is converted to a parallel light beam 44 by the collimator lens 38. 
[0075] The parallel light beam 44 that causes only the resin layer 34 inside the laminated 
glass 32 to emit fluorescence and has an. excitation wavelength thus obtained is incident on 
the objective lens 14 via the half mirror 70. This light is focused on measurement spot of the 
laminated glass 32 by the objective lens 14. 

[0076] The light 46 from the measurement spot of laminated glass 32 reaches the second 
half mirror 72 via the objective lens 14 and first half mirror' 70. This light is divided into a 
first separated beam 74a and second separated beam 74b by the second half mirror 72. The 
first separated beam 74a is incident on the image forming lens 18a for detecting surface 
scattered light. The second separated beam 74b is incident on the image forming lens 18b 
for detecting fluorescence. 
[0077] <Reference Point Detection> 

[0078]. , The first separated beam 74a from the second half mirror 72 is incident on the 
band pass filter 52a via the image forming lens 18a for detecting surface scattered light. 
Only the surface scattered light having a wavelength the same as an excitation wavelength 
among the light 46 from the measurement spot of the laminated glass 32 is extracted by the 
band pass filter 52a. The surface scattered light passing through the band pass filter 52a is 
incident on the confocal pinhole 20a for detecting surface scattered light. 
[0079] Here, the focal point position of the objective lens 14 and the position of the 
confocal pinhole 20a for detecting surface scattered light have an optically conjugate 
relationship. As a result extraneous light from positions other than the measurement spot of 
the laminated glass 32 (other than the focal point position 30 of the objective lens 14) can be 
cut by the confocal pinhole 20a. 

[0080] Namely, the focal point of the objective lens 14 is also the focal point on the 
confocal pinhole 20a which is the imaging surface of the image forming lens 18a. As a 
result, light from positions on the sample where the focal point is displaced does not 
substantially pass through the confocal pinhole 20a. On the other hand, only the light of the 
focal point position 30 of the objective lens 14 passes through and is received by the light 
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detector 54a. Consequently, the surface scattered light intensity of oiily the portion of the 
focal point position 30" of the objective lens 14 can be detected by the light detector 54a. 
[0081] <Light Emission Point Detection> 

[0082] The second separated beam 74b from the second half mirror 72 is incident on the 
band pass filter 52b for detecting fluorescence via the. image forming lens 1 8b for detecting 
fluorescence. Only fluorescence from the resin layer 34 among the light 46 from the 
measurement spot of the laminated glass 32 is extracted by the band pass filter 52b. The 
fluorescence passing through the band pass filter 52b is incident on the confocal pinhole 20b 
for detecting fluorescence. . 

[0083] Here, in the present embodiment, the focal point position of the objective lens 14 
and the position of the confocal pinhole 20b for detecting fluorescence have an optically 
conjugate relationship in the same way as with the confocal pinhole 20a for detecting surface 
scattering light. As a result, extraneous light- from positions other than the measurement spot 
of the laminated glass 32 (other than the focal point po.sition 30 of the objective lens 14) can 
be cut by the confocal pinhole 20b. . , 

[0084] Namely, the focal point of the objective lens 14 is also the focal point on the 
confocal pinhole 20b which is the imaging surface , of the image forming lens 18b. As a 
result, light from positions on the sample where the ' focal point is displaced does not 
substantially pass through the confocal pinhole 20b. On the other hand, only the light of the 
portion that matches the focal point inside the sample passes through the confocal pinhole 20b 
and is received by the light detector 54b. As a result, in the present embodiment the 
fluorescence intensity of only the focal point portion inside the sample can be detected by the 
light detector 54b. 

[0085] . In the present embodiment, because a photo-multiplier is used as the light detector 
(especially the light detector 54b), fluorescence can be detected down to the weakest degree. 
[0086] Relationship Between Amount of Light Received by 
Light Detectors and Position of Objective Lens> 

[0087] Here, in the present embodiment, by moving the objective lens 14 in the direction 
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of the arrow X in the drawing by means of the mover 16 and the like, the focal point position 
30 of the objective lens 14 is moved toward the inside from the laminated glass surface 32a. 
In the present embodiment, while the focal point position 30 of the objective lens \4 is being 
moved, the amount of the surface scattered light and the amount of the fluorescence from the 
laminated glass 32 are monitored. 

[0088] With regard to the amount of surface scattered light 53 obtained by the light 
detector 54a and the position of the objective lens 14 obtained by the position sensor 26, that 
relationship can be obtained as shown in FIG 2. With regard tQ the amount of fluorescence 
55. obtained by the light detector 54b and the position of the objective lens .14, that 
relationship can be obtained as shown in FIG 3. 
[0089] <Reference Point Detection> 

[0090] As shown in FIG 2(A) for example, while the objective lens 14 is being moved in 
the axial direction of the light (+X direction), if the focal point position 30 of the objective 
lens 14 is positioned on the laminated glass surface 32a, a received light detection value of the 
surface scattered light from the light detector for detecting surface scattered light exhibits a 
maximum value (peak Pi) as shown in FIG 2(B). On the other hand, fluorescence is not 
substantially detected by the light detector for detecting fluorescence. 

[0091]' As a result, the computer determines that when the received light amount value 
from each of the light detectors exhibits this type of value, at that point in time the focal point 
position 30 of the objective lens 14 is at a position above the surface 32a of the laminated 
glass 32. The computer makes this position information of the objective lens 14 at that point 
in time position information Xi. 
[0092] <Light Emission Point Detection> 

[0093] Also while the objective lens 14 is being moved further in the direction of the 
arrow +X shown in the drawing as shown in FIG 3 (A) for example, if the focal point position 
30 of the objective lens 14 is positioned at the objective lens side border of the resin layer 34, 
a received light detection value of the fluorescence from the light detector for detecting 
fluorescence exhibits a maximum value (peak P 2 ) as shown in FIG 3 (B) of the same drawing. 
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On the other hand, surface scattered light is not substantially detected by the light detector for 
detecting surface scattered Jight. • 

[0094] As a result, the computer determines that when the received light amount value 
from each of the light detectors detects this type of received light detection value, at that point 
in time the focal point position 30 of the objective lens 14 is at a position on the objective lens 
side border of the resin layer 34 inside the laminated glass 32. ' The computer makes this 
position information of the objective lens 14 at that point in time position information X 2 . 
[0095] <Depth Distance> 

[0096] Then, the computer obtains , the difference iri position (X 2 - Xi) of the objective 
lens 14 at these points in time when the reference point and light emissioti point are detected. 
The computer makes the this the depth distance d from the laminated glass surface 32a to the 
light emission layer 34 inside the laminated glass 32. 
[009*7] <Test Subject Distribution Measurement 

[0098] Although there are variations in the light .amount detection value of fluorescence 
while the focal point position 30 of the objective lens 14 is being positioned at the resin layer 
34 inside the laminated glass 32, the fluorescence is detected by the light detector 54b. 
[0099] As a result, if the light amount detection value of the fluorescence is larger than & 
predetermined threshold, the fluorescence light amount detection values aind positions of the 
objective lens 14 corresponding thereto are monitored while the objective lens 14 is being 
moved in the depth direction. This is continued until at least the light amount detection 
value of fluorescence crosses the threshold. The distribution in the depth direction (the 
thickness of the resin layer 34 for example) of the resin layer 34 inside the laminated glass 32 
can thereby be non-destructively detected in the present embodiment. 

[0100] \ The fluorescence information acquirer 24 for example, while the focal point 
position 30 of the objective lens 14 is being moved by the mover 16 and the like, even after 
the position of the objective lens 14 where the light amount detection value of the light 55 
passing through the confocal pinhole 16b and having a fluorescence wavelength is greatest is 
detected, continues monitoring light amount detection values of the luminescent light 
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(fluorescence) 55 and the positions of the objective lens 14 corresponding theretq until the 
light amount detection value of the luminescent light 55 crosses the predetermined threshold. 
The border position of the resin layer 34 on the side opposite to the border position on the 
objective lens side can there by be detected in the present embodiment. 

[0101] In the present embodiment, by detecting the border position on the objective lens 
side of the resin layer 34 and the border position on the opposite side of the resin layer 34 in 
this way, the thickness of the resin layer can be measured. ' ,'■ 
[0102] In this manner in the present embodiment, by moving the objective lens 14 in the 
axial direction of the light beam, the length of the parallel light beam portion of the confocal 
optical system is extended and the distance to the measurement spot in the laminated glass 32 
changes. The position of the laminated glass surface 32$ and the distribution in the depth 
direction of the resin layer 34 inside the laminated glass 32 can thereby be non-destructively 
measured in the present embodiment. 
[0103] Parallel light Beam Portion 
[0104] <Objective Lens> 

[0105] In the present embodiment, the objective lens 14 is moved in order to move the 
focal point position 30 of the objective lens 14 (in order to move the measurement spot in the 
depth direction). In such a case, when the objective lens 14 is inserted into the light portion 
during imaging, it is difficult to maintain the conjugate relationship between the focal point 
position 30 of the objective lens 14 and the confocal pinholes 20a and 20b. 
[0106] In the present embodiment, the light from the point light source 28 becomes a 
parallel light beam 44 by means of the collimator lens 38. Also, the objective lens 14 is 
inserted into a portion of the parallel light beam 44 from the collimator lens 38. 
[0107] As a result, in the present embodiment, because the measurement spot is moved in 
the depth direction, even if the objective lens 14 is moved the conjugate relationship between 
the focal point position 30 of the objective lens 14 and the confocal pinholes 20a and 20b can 
be more accurately maintained. Measurement can thereby be more accurately performed in 
the present embodiment. 
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[0108] Types of Lenses 

[0109] If a normal objective lens in which measures have not been taken with respect to 
chromatic aberration is used, the chromatic aberration then becomes a problem. If the 
excitation wavelength and the fluorescence wavelength of the resin layer (test subject) 34 
deviate, that problem becomes more serious. 

[0110] Namely, conventionally, with light having an excitation wavelength and light 
having a fluorescence wavelength, the focal point position df the conventional objective lens 
and the image formation positions of conventional image forming lenses do not correspond in 
the direction of the optical axis. Therefore, conventionally, measurement accuracy 
decreases. 

[0111] Thus the second feature of the present invention is that, in order to solve the 
problem of chromatic aberration that reduces the accuracy of measurement, lenses with no 
chromatic aberrations are used as the objective lens 14 and image forming lenses 18a and 18b. 
[0112] As a result, in the present embodiment, as an example of a lens with no chromatic 
aberration, a Cassegrain lens system (Cassegrain reflector optical system), which is a lens 
system that includes mirrors, is used. 

[0113] In the present embodiment produced in this manner, by using a lens without 
chromatic aberration, even if the excitation wavelength and the fluorescence wavelength of 
the resin layer 34 deviate, the focal point position of the objective lens 14 and the image 
formation positions of the image forming lenses 18a and 18b of light having an excitation 
wavelength and light having a fluorescence wavelength are more coincident. 
[0114] Consequently, in the present embodiment, even if the excitation wavelength and 
the fluorescence wavelength of the resin layer 34 deviate, measurement by the confocal 
optical system can be more accurately performed. 
[0115] Modified Examples 

[0116] The present invention is not limited to the above-described structure, and various 
modifications are possible within the scope of the gist of the invention. 
[0117] <Samples> 
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[0118] Although the above-described structure was described with the example of 
measurement of the thickness of a resin layer in laminated glass, the present invention is not 
limited thereto. It can be applied to any multi-layered body having translucency such as a 
laminated mirror or the like. 

[0119] For example, an EL panel uses a material definitely having fluorescence within the 
panel. As a result, the present invention is preferably used to obtain a profile in the depth 
direction within the EL panel. 

[0120] Also, the above structure was described using a test subject that absorbs excitation 
light of 250nm and has fluorescence that emits light hi the neighborhood of 400nm as an 

example. However, the present invention is not limited to this. The present invention can 

» ■ 

used advantageously to suitably set, for example, the selection wavelength of the excitation 
wavelength by means of the band pass filter 36 and band pass filter 52a, and the selection 
wavelength of the fluorescence wavelength by means of the band pass filter 52b, according to 
the excitation wavelength and fluorescence wavelengthof each test subject. 
[0121] <Light Emitter> 

[0122] The above structure was described with regard to an example of a light emitter 
provided with a band pass filter as an example of excitation wavelength selector. However, 
the present invention is not limited thereto. In a case where a light source that attains single 
color light having the excitation wavelength of the test subject is used as the light source, this 
type of excitation wavelength selector can be Omitted. In such a case, it is particularly 
preferable to provide, after a laser (as an example of a light source) that forms the point light 
source, an expander lens or the like for expanding the laser beam from the laser. 
[0123] <Distance Information Acquireir> 

[0124] ' The above structure was described with regard to an example where a position 
sensor was provided in the objective lens. However, the present invention is not limited 
thereto, and , using a pulse motor in the mover is also acceptable. Also, in the present 
invention, obtaining the movement distance information of the objective lens based on the 
pulse frequency imposed on the pulse motor by the computer or the controller, without 
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providing a position sensor, is particularly preferred from the viewpoint of .structural 
simplification. f 
[0125] <Optical Arrangement> 

[0126] There are cases where if the wavelength interval between the surface scattered 
light and the fluorescence from the sample is narrow, it is difficult distinguish between the 
surface scattered light and the fluorescence. In order to more accurately measure in such 
cases, in the above structure an explanation was given of an example where a second half 
mirror 72 divided the light into a light path for detecting the surface scattered light and a light 
path for detecting the fluorescence. However, the present invention is not limited thereto. f 
If the wavelength interval between the surface scattered light and the fluorescence from the 
sample is wide, the second half mirror 72 can be omitted and these wave paths can be reduced 
to one wave path. 

[0127] In this case, by using a band pass filter with low transmittance, it is preferable to 
use one filter that transmits surface scattered light of 250nm and fluorescence of 400nm, for 
example. Then, by arranging the one filter and one light detector in the one light path, both 
the surface scattered light and fluorescence can be measured. 

[0128] As a result, the computer can obtain the relationship between the received light 
detection value from the one light detector and the objective lens position information from 
the position sensor as shown in FIG 4, for example. 

[0129] As is clear from FIG. 4, a first peak Pi thought to be by means of surface scattered 
light and a second peak P2 thought to be by means of fluorescence can be distinguished and 
detected. 

[0130] The computer can therefore, in the same way as the previously described structure, 
detect the first peak Pi based on the received light detection value from the light detector, and 
obtain objective lens position information Xi corresponding to the first peak Pi. 
[0131] Then, when the focal point position of the objective lens is further moved toward 
the interior of the sample, the computer can detect the second peak P 2 and obtain objective 
lens position information X 2 corresponding to the second peak P 2 . 
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[0132] Then, the computer can obtain the depth distance information based on the 
difference in the position* of the objective lens (X 2 - Xi) attained as described above. In 
FIG. 4 for example, if the position Xi of the objective lens when the reference point is 
detected is 0mm and the position X 2 of the objective lens when the light emission point is 
detected is 1mm, the computer can obtain a depth from the surface of the sample to the resin 
layer of 1mm. 

[0133] If the wavelength interval between surface scattered light and fluorescence from 
the sample is wide in this way, the depth from the surface of the sample to the test sample can 
be accurately obtained in the same manner as the previously described structure using one 
light path, one filter, and one light detector after the first half mirror 70. Further, this kind of 
structure can be structurally simplified compared to the previously described structure. Also, 
this type of structure, because it can reduce the number of optical components, simplifies the 
positioning of the optical components. 
[0134] <Spectroscope> • .. ' 

[0135] The structure described above was described with regard to an example of 
obtaining spot information in the depth direction of the sample. However, the present 
invention is not limited to this. As a concrete example thereof, by moving the pinhole in ,a 
direction perpendicular to the optical axis, the positions' of the measurement spots on the 
surface of the sample and within the sample can be scanned one-dimensionally or 
two-dimensionally. The depth direction information of the inside of the sample is thereby 
preferably obtained as surface information. 

[0136] Here, in the above structure, a photo-multiplier is preferably used as the light 
detector. However, when obtaining surface information, using a CCD or the like is 
preferable. 

[0137] Further, in theabove structure, instead of the band pass filter, inserting a scan type 
or multi-channel type spectroscope or the like to obtain spectrum information is preferable. 
[0138] According to the depth measuring apparatus of the present invention as set forth 
hereinabove, an objective lens is arranged in the parallel light beam portion of a confocal 
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optical system. The depth measuring apparatus, while the focal point position of the 
objective lens is changed in the optical axis direction, simultaneously obtains position 
information of the surface of a sample by means of a surface scattered light information 
acquirer and position information of the interior of the sample by means of a fluorescence 
information acquirer. As a result, the depth measuring apparatus can non-destructively 
perform measurement in the depth direction of the interior of the sample. 
[Q139] Also in the present invention, by using lenses with no chromatic aberrations as the 
objective lens and image forming lenses, non-destructive measurement in the depth direction 
can be more accurately performed. 
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